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(57) ABSTRACT

Disclosed 1s a thulium-containing fluorescent substance for a
white light emitting diode represented by a following chemi-
cal formula 1, (Chemical Formula 1) (M1-X-J7Eu,Tnl ),
S10, where M 1s a divalent cation metal including Sr or Ba,
with 0.005<x<0.05 and 0.003<y<0.05. The silicate-based
yellow fluorescent substance according to the present mnven-
tion 1s suiliciently excited by a blue light source generated by
a blue LED to exhibit a yellow emission, with superior lumi-
nous intensity, due to the addition of europium oxide (Eu,O,)
and thulium oxide (Tm,O,) as an activator, thereby being
suitable for a white LED.

4 Claims, 3 Drawing Sheets
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THULIUM-CONTAINING FLUORESCENT
SUBSTANCE FOR WHITE LIGHT EMITTING
DIODE AND MANUFACTURING METHOD
THEREOFK

This 1s anational stage application under 35 U.S.C. §371 of
PCT/KR2007/002723 filed on Jun. 5, 2007, which claims
priority from Korean patent application 10-2006-0055876
filed on Jun. 21, 2006 and from Korean patent application

10-2007-0036378 filed on Apr. 13, 2007, all of which are
incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a thulium-containing fluo-
rescent substance for a white light emitting diode (LED)
represented by a following chemical formula 1,

(M, Eu,Tm ),810, [Chemical Formula 1]

where M 1s a divalent cation metal including Sr or Ba, with
0.005=x=0.05 and 0.005=y=0.03.

Furthermore, the present invention 1s to provide a method
of manufacturing a fluorescent substance for a white light-
emitting diode of the above chemical formula 1, that 1s, for a
yellow fluorescent substance, wherein a silicate-based com-
pound 1s used as a host material, the method comprising the
steps of adding europium oxide (Eu,O;) and thulium oxide
(Tm,O,) to this substance and mixing them together; ther-
mally treating a material obtained 1n the mixing step 1n a
temperature between 1,000~4,500° C.; and post-processing,
including a pulverizing process.

BACKGROUND ART

A white LED 1s one of next-generation light-emitting ele-
ments which can replace the existing general lights, and the
white light-emitting diode has been manufactured by mixing,
three-primary-colored light-emitting diodes since red, green
and blue light-emitting diodes having a high luminance began
to be commercialized.

Due to a remarkable development of technology, a yellow
fluorescent substance can be excited by a blue light source
having a wavelength of 460 nm using a blue light-emitting

diode having sutficient excited energy, and thus a white light-
emitting diode can be manufactured by mixing blue and vyel-
low.

DISCLOSURE
Technical Problem

However, in order to implement a white light-emitting
diode having high luminance, 1t 1s required to provide a yel-
low fluorescent substance having high luminance excited by
a blue light source generated from a blue light-emitting diode
to emit a light.

Technical Solution

Accordingly, the present invention 1s made by taking the
problem mentioned above into consideration, and a silicate-
based fluorescent substance activated by europium, having,
low luminous efficiency, 1s doped by thulium as a co-activator
under blue light source excitation, thereby providing a thu-
lium-contaiming fluorescent substance for a white light emat-
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2

ting diode and a manufacturing method thereof to enhance
light-emitting efliciency even under blue light source excita-
tion.

Advantageous Effects

The silicate-based yellow tluorescent substance according,
to the present mvention 1s sufficiently excited by a blue light
source generated by a blue LED to exhibit a yellow emission,
and especially the luminous intensity 1s superior, thereby
having an effect suitable for a white LED, and also an effect
of superior yellow-emitting luminance can be obtained by
adding europium oxide (Eu,O,) and thulium oxide (Tm,O;)
as an activator.

DESCRIPTION OF DRAWINGS

The above and other objects, features and advantages o the
present mvention will become apparent from the following
description of preferred embodiments given 1n conjunction
with the accompanying drawings, 1n which:

FIG. 1 1s a scanning electronic microscopic view of a
yellow fluorescent substance obtained 1n an Example 2 of the
present invention,

FIG. 2 1s a luminous intensity graph in case where an
amount of added europium 1s changed 1n an Example 3 of the
present 1nvention,

FIG. 3 1s a resultant emission spectrum graph 1 an
Example 4 of the present invention,

FIG. 4 1s a luminous intensity graph for a white LED
obtained in an Example 5 of the present invention, and

FIG. 5 15 a resultant light excitation spectrum graph of a
fluorescent substance obtained 1n an Example 6 of the present
ivention.

BEST MOD.

(Ll

Hereinaftter, the embodiments of the present invention will
be described in detail with reference to accompanying draw-
ngs.

In order to achieve the above-mentioned object, the present
invention 1s characterized to provide a thulium-containing
fluorescent substance for a white light emitting diode repre-
sented by a following chemical formula 1,

(M, Eu,Tm, ),810, [Chemical Formula 1]

where M 1s a divalent cation metal including Sr or Ba, with
0.005=x=0.05 and 0.005=y=0.05.

Also, the present invention 1s to provide a method of manu-
facturing a yellow tfluorescent substance of the above chemi-
cal formula 1, characterized in that a silicate-based compound
1s used as a parent substance, the method comprising the steps
of adding europium oxide (Fu,O,) and thulium oxide
(ITm,O,) to this substance and mixing them together; ther-
mally treating a maternial obtained in the mixing step i1n a
temperature between 1,000~1,500° C.; and post-processing
including a pulverizing process.

Furthermore, the present invention is to provide a thulium-
containing fluorescent substance for a white light emitting
diode, characterized in that the fluorescent substance 1s rep-
resented by a following chemical formula 2,

M 4y B, TIA R )>S10, ‘Chemical Formula 2]

where M 1s a divalent cation metal including Sr or Ba, and

A 1s a umvalent cation metal ncluding L1 or K with
0.00=z=0.03, and R 1s a rare earth metal including Ce, Pr,
Sm or Gd with 0.00=a0=0.03.
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The silicate-based yellow fluorescent substance according
to the present mvention 1s suificiently excited by a blue light

source generated by a blue LED to exhibit a yellow emission,
and especially the luminous intensity 1s superior, thereby
having an effect suitable for a white LED.

According to the present invention, in particular, 1t 1s char-
acterized to obtain an effect of superior yellow-emitting lumi-
nance by adding europium oxide (Eu,O,) and thulium oxide
(Tm,O,) as an activator.

Such a yellow fluorescent substance according to the
present invention will be described 1n more detail as follows
based on a manufacturing method thereof.

First, carbonate compound containing a divalent cation and
silicon oxide (S10,) 1s added by europium oxide (Eu,0,) as
an activator and thulium oxide (Tm,O,) as a co-activator to
mix them.

At this time, 0.005-0.04 mol of the europium oxide, which
1s used as an activator, 1s added to a carbonate compound
among fluorescent substance raw materials. There occurs a
problem that 1t may not be a suificient amount to function as
an activator 1f the amount less than 0.005 mol 1s used, and the
luminance may be reduced due to a concentration quenching
phenomenon 1f more than 0.04 mol 1s used.

According to the present invention, furthermore, thulium
oxide, which 1s a co-activator, 1s used together, and 1t will be
an optimal amount when the molar ratio of Eu:Tm 1s 0.03:
0.01.

The fluorescent substance raw materials and co-activator
as described above were measured respectively to be a spe-
cific rat1o according to a desired composition, and suificiently
mixed to be a uniform composition using a mixer, such as
balling milling or agate mortar under ethanol solvent for an
elfective mixing. Then, the mixture was placed into an oven
and dried at a temperature between 100-150° C. for 24 hours.
The dried mixture was placed into a high-purity alumina boat
and thermally treated at a temperature between 1,000-1,300°
C. using an electric furnace, and then sufficiently pulverized.
If thermal treatment temperature 1s higher than 1,300° C.,
there may be a problem that non-uniform growth of particles
1s caused due to an oversintering phenomenon to reduce the
luminance, and 1f lower than 1,000° C., 1t may be not good
because the phase formation property 1s inferior.

Photoluminescence (PL) was measured for this powder
using a tluorescence spectrophotometer, and as a result a
yellow fluorescent substance represented by the chemical
formula 1, having a maximum emission peak at 560 nm,
showing a strong emission spectrum 1n a range between 473-
680 nm, and exhibiting a superior emission luminance, was
obtained.

In this way, the thulium-containing silicate-based yellow
fluorescent substance manufactured according to the present
invention 1s excited by a blue light source generated by a blue
LED to exhibit a yellow emission having superior luminous
intensity, thereby having high luminance suitable for a white
LED.

Hereinafter, 1t will be described in more detail through
examples.

Example 1

Manutacture of Fluorescent Substance
(Srq ,5sBag 5, Eug o3 Tmg ,),510,

With a ratio of 0.75 mol strontium carbonate, 0.21 mol
bartum carbonate, 0.03 mol europium oxide, 0.01 mol thu-
llum oxide, and 1 mol silicon oxide, raw materials were
measured to be mixed uniformly using an agate mortar. The
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mixed specimen 1s dried at 130° C. for 24 hours using an oven.
The obtained mixture was placed 1into a high-purity alumina
boat and the electric furnace was heated at 1,300° C. for 4
hours 1n a reducing atmosphere. The obtained material was
placed into a distilled water and pulverized using ultra waves
and a mixer, and then ball-milled to obtain a yellow fluores-

cent substance represented by (Sr, --Ba, »;Eu, 031 mg 6q)-
S10,,.

Example 2

Surface Shape of Silicate-Based Yellow Fluorescent
Substance to which Furopium and Thulium are

Added

Similarly implemented as inthe Example 1, but 0.76 mol of
strontium carbonate and 0.03 mol of europium oxide were
added respectively to obtain a yellow fluorescent substance
represented by (Sr, ,.Ba, ,,Eu, o, ITm, ,,),510,. Then, the
obtained yellow fluorescent substance was observed by a
scanning e¢lectronic microscope, and the surface shape 1s
shown 1n FIG. 1.

FIG. 1 1s a scanning electronic microscopic view of the
yellow tluorescent substance obtained in an Example 2 of the
present 1nvention.

As shown 1n FIG. 1, 1t 1s confirmed that the silicate-based
yellow fluorescent substance according to the present inven-
tion 1s particles having a size of 10-30 um.

Example 3

Photoluminescence Intensity of Silicate-Based
Yellow Fluorescent Substance According to the
Europium Content

For a yellow fluorescent substance represented by (Srg, +o_.
Ba, ,,Eu, ),S10,, photoluminescence was measured for the
specimens 1n which an amount of added europium has been
changed, and the result 1s shown 1n FIG. 2.

As shown 1n FIG. 2, i1t 1s confirmed that emission lumi-
nance gradually increased by adding europium to the yellow
fluorescent substance of the invention, but emission lumi-
nance decreased due to a concentration quenching phenom-
enon in case where an amount of added europium 1s more than
0.0035 mol. Accordingly, it 1s confirmed that a range of added
curopium capable of exhibiting an especially superior emis-
s1on luminance 1s 0.025-0.035 mol.

Example 4

Comparison of Emission Spectrum of Fluorescent

Substance (Sr, -.Ba, »;Eug 5 ),510, with Fluores-

cent Substance in which Thulium 1s Added to this
Substance

Emission spectrum was measured for the fluorescent sub-
stance (Sr, 5<Ba, »;Eu, 53),510, obtained 1n the Example 3
and the fluorescent substance (Sr,,4.,Bag ., Eugo3Tm,),
S10,, and the result 1s shown 1n FIG. 3.

As shown 1n FIG. 3, as europium and thulium were added
by 0.03 mol and 0.01 mol respectively, the yellow fluorescent
substance according to the present invention exhibits a yellow
emission having a peak wavelength at 560 nm, and 1t 1s
confirmed that the yellow fluorescent substance has a superior
emission luminance compared with an emission spectrum of
fluorescent substance (Sr,-sBa,,Eu, 45),510,. Conse-
quently, it is confirmed that europium ion (Eu”*) works as an
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activator on fluorescent substance (Sr, --Ba, ., Eu, 53),510,
to exhibit a yellow emission, and thulium ion (Tm?**), which
has been added together with the europium 1on, as a co-
activator for transferring energy to the europium 1on, greatly
contributes to a yvellow emission of silicate fluorescent sub-
stance. Since divalent thulium ion (Tm>*) is a material which
1s unstable at room temperature and 1n air as well as has a high
ox1dizing power, 1t has a tendency to be re-oxidized to triva-
lent thulium ion (Tm>*) in silicate environment. Because
oxidizing power at this time 1s greater than the oxidizing
power ol europium 1on from a divalent to a trivalent state,
firstly thulium 1s oxidized and this delays the oxidation of
curopium 1on, thereby increasing the lifetime as well as
enhancing the stability of reduced europium 10n due to this
effect. Furthermore, substitution, surface defect, or the like in
curopium are controlled to help 1ts crystal growth, and as a
result 1t 1s expected to have an effect of increasing luminous
intensity.

Example 5

Manufacture of a White LED Using Fluorescent
Substance (Sr, --Ba, 5, Eu, o: 1Tmg 5),510,

Using fluorescent substance (Sr,--Baj »,Eu,,.1mg o)
S10, obtained in the Example 4, a white LED 1s manutfac-
tured, and the result 1s shown 1n FIG. 4.

As shown 1n FIG. 4, 1t 1s confirmed that the yellow fluo-
rescent substance of the invention exhibits a superior yellow
emission at 560 nm 1n a blue excited light of 465 nm, and the
blue excited light and the yellow emission are combined to
emit a white light.

Example 6

Manufacture of Fluorescent Substance
(Sry 5-Bag 5 Fug o3 Tmg o115 0,Gdg 5, ),510,

In case of the Example 4, thulium exists as two types, both
in divalent and trivalent state within a silicate fluorescent
substance, and it increases lifetime and stability when re-
oxidizing from a divalent to a trivalent state. At this time,
however, thulium oxidized to a trivalent state may reduce
luminous characteristics due to a charge valence difference
from strontium, which 1s a divalent cation. Accordingly, there
may be a method of adding univalent lithium for a method of
reducing the charge quantity of thulium, which has been
re-oxidized to a trivalent state, again to a divalent state.
Through transferring electrons between thulium, which has
been re-oxi1dized to a trivalent state, and univalent lithium, the
charge quantity of strontium, valium, europium, thultum, and
lithium consisting of a cationic group, 1s all controlled to a
divalent level, thereby facilitating energy transfer. Accord-
ingly, through the site control, good crystal growth, and
increased energy transier of europium by adding thulium and
lithium 1n proportioning materials, luminous itensity can be
enhanced and the stability of lifetime and crystal can be
induced.

Light excitation spectrum was measured for fluorescent
substance (Sr, +,Ba, 5 Bu, o: Tmg o, L1 ,Gdg 01 )-910,
obtained 1n the Example 6 and (Sr, ,Ba, ,,Eu, 41),S10, to
which co-activators such as thulium or the like 1s not added,
and the result 1s shown in FIG. 5.
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As shown 1in FIG. 5, 1t can be seen that the luminous
intensity of fluorescent substance (a)
(Sr, --Ba, 5 Bu, o: Tmg 5,11, ,Gdy 1 )-,910,, 1ncreases more
than 15% compared with fluorescent substance (b) to which a
co-activator such as Tm or the like 1s not added 1n vicinity of

450 nm, which 1s a blue LED light source.

INDUSTRIAL APPLICABILITY

As stated above, according to the present invention, by
adding europium as an activator and thulium as a co-activator
to a silicate-based fluorescent substance, it has high lumi-
nance as well as exhibits a yellow emission under excitation
of a blue light source having a wavelength of 460 nm gener-
ated from a blue LED, and therefore 1t 1s useful as a yellow
fluorescent substance applicable to fluorescent substance for
a white LED. Moreover, by adding lithium, 1t can prevent the
variation ol charge quantity caused by the re-oxidation of
thulium, and increase lifetime, thereby enhancing the overall
stability of crystal.

The invention claimed 1s:

1. A thulium-containing fluorescent substance for a white
light emitting diode, characterized 1n that the fluorescent sub-
stance 1s represented by a following chemical formula 1:

(M., Eu, TM,),SiO,

where M 1s a mixture of Sr and Ba, 0.005=x=0.05 and
0.005=y=0.05, wherein the ratio of x and y 15 1n a range
of 2:1-3:1.

2. A method of manufacturing the thultum-containing tluo-
rescent substance for a white light emitting diode of claim 1
comprising the steps of:

(a) muxing strontium carbonate, barium carbonate,
curopium oxide (Eu,O;), thulium oxide (ITm,O;) and
s1licon oxide (S10,);

(b) thermally treating the mixture obtained 1n step (a) at a
temperature between 1,000° C. and 1,500° C. to obtain a
sintered product; and

(¢) pulverizing the sintered product obtained 1n step (b) to
give the thulium-containing fluorescent substance.

3. A thulium-containing fluorescent substance for a white

light emitting diode, characterized 1n that the fluorescent sub-
stance 1s represented by a following chemical formula 2:

(M 1-x-3-z- uEuxTn]yAzRq)E S1 04

where M 1s a mixture of Sr and Ba: A 1s L1, K or a mixture
thereof with 0.00<z=0.05; R 1s Ce, Pr, Sm, Gd or a
mixture thereof with 0.00<c.=0.05; 0.005=x=0.05 and
0.005=y=0.05, wherein the ratio of x and y 15 1n a range
of 2:1-3:1.

4. A method of manufacturing the thulium-containing fluo-
rescent substance for a white light emitting diode of claim 3
comprising the steps of:

(a) mixing stronttum carbonate; barium carbonate;
europium oxide (Eu,O,); thulium oxide (Tm,O,); sili-
con oxide (510, ); lithium carbonate, potasstum carbon-
ate or a mixture thereof; and an oxide of Ce, Pr, Sm or
(Gd, or a mixture thereof,

(b) thermally treating the mixture obtained in step (a) at a
temperature between 1,000° C. and 1,500° C. to obtain a
sintered product, and

(¢) pulverizing the sintered product obtained 1n step (b) to
give the thulium-containing fluorescent substance.
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